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Abstract 

Background. Benign prostatic hyperplasia (BPH) is one of the most common 

urological diseases in elderly men and frequently requires invasive diagnostic procedures. In 

Ukraine, preoperative preparation traditionally relies on prolonged fasting according to the nil 

per os (NPO) principle for ≥12 hours, despite contemporary European and American 

guidelines that allow clear fluids up to 2 hours before anaesthesia [1–3]. Prolonged 

preoperative water deprivation may promote haemoconcentration, hypercoagulability and an 

increased risk of thromboembolic complications, which is particularly relevant in elderly BPH 

patients. 

Objective. To assess the impact of water deprivation on haemostatic function in 

elderly patients with BPH by comparing low-frequency piezoelectric thromboelastography 

(LF-PETEG) parameters in groups with liberal clear-fluid intake versus prolonged NPO in the 

preoperative period. 
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Materials and Methods. This prospective randomized study included 64 patients 

aged ≥70 years with confirmed BPH who underwent transrectal ultrasound-guided prostate 

biopsy between September 2018 and September 2019. None of the patients received 

antithrombotic or anticoagulant therapy. Haemostasis was assessed by LF-PETEG twice: at 

admission and 1 ± 0.43 hours before surgery. Patients were randomized into two groups: 

Group A (n=31) — allowed to drink clear fluids (100–300 mL) up to 2 hours before the 

procedure; Group B (n=33) — maintained on NPO for 12 ± 2.3 hours before anaesthesia. The 

following LF-PETEG parameters were analysed: intensity of contact coagulation (ICC), 

intensity of coagulation drive (ICD), maximum clot density (MA) and index of retraction and 

clot lysis (IRCL), expressed as percentage relative to normal values. 

Results. At admission, all patients showed moderate increases in coagulation activity 

and fibrinolysis: ICC +13.13 ± 8.56%, ICD +22.43 ± 10.93%, MA +44.11 ± 19.31%, IRCL 

+61.18 ± 31.18% above normal. In Group A, preoperative LF-PETEG parameters remained 

relatively stable: ICC +12.13 ± 6.11%, ICD +18.87 ± 5.04%, MA +43.51 ± 18.81%, IRCL 

+64.02 ± 26.22% above normal. In Group B, all parameters increased further: ICC +26.01 ± 

7.21%, ICD +39.67 ± 13.57%, MA +64.07 ± 21.81%, IRCL +76.88 ± 42.97% above normal, 

indicating enhanced hypercoagulability and fibrinolytic activity against the background of 

prolonged NPO. 

Conclusions. Elderly BPH patients demonstrate a baseline tendency towards 

hypercoagulability and increased fibrinolytic activity by LF-PETEG already at admission. 

Prolonged preoperative water deprivation (NPO 12 ± 2.3 h) leads to additional intensification 

of these changes, whereas allowing clear fluids up to 2 hours before surgery helps stabilise 

haemostatic parameters. Optimisation of preoperative fluid intake should be considered an 

important component of strategies aimed at reducing thrombotic risk in elderly patients with 

BPH. 

Keywords: benign prostatic hyperplasia; preoperative fasting; nil per os; low-

frequency piezoelectric thromboelastography; haemostasis; hypercoagulability; 

thromboprophylaxis. 

  

Introduction 

Benign prostatic hyperplasia (BPH) is one of the most prevalent urological conditions 

among elderly men. Epidemiological data indicate that histological features of BPH are 

present in more than 50% of men in their 60s and in nearly 90% of men over 80 years of age 

[4]. Clinically significant lower urinary tract symptoms associated with BPH markedly impair 
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quality of life, contribute to sleep and sexual dysfunction and increase the risk of acute 

urinary retention and the need for surgical intervention [5, 6]. 

Transrectal ultrasound-guided prostate biopsy (TRUS biopsy) remains the gold 

standard for histological verification of prostatic disease, particularly for differentiating BPH 

from prostate cancer [7]. In a considerable proportion of elderly and very elderly patients, this 

procedure is performed under regional or general anaesthesia, which requires careful 

preoperative preparation, including an appropriate fasting regimen. 

Preoperative fasting has traditionally been implemented to prevent regurgitation and 

aspiration of gastric contents during induction of anaesthesia and tracheal intubation. 

However, over the past decades, substantial evidence has accumulated demonstrating that 

strict, prolonged fasting for both solids and liquids does not necessarily reduce the incidence 

of aspiration events; instead, it increases patient discomfort, promotes dehydration, 

haemoconcentration and metabolic imbalance [1–3, 8]. 

The European Society of Anaesthesiology and Intensive Care (ESAIC), the American 

Society of Anesthesiologists (ASA) and other international bodies currently recommend that 

most adult patients undergoing elective procedures may safely ingest clear fluids (water, tea, 

coffee without milk, clear juices) up to 2 hours before anaesthesia [1–3]. These 

recommendations are based on randomized clinical trials showing that liberal clear-fluid 

intake does not increase gastric volume or acidity and therefore does not heighten aspiration 

risk, while improving patient comfort and haemodynamic and metabolic stability [8–10]. 

Despite this, a conservative approach based on prolonged nil per os (NPO) for ≥8–12 

hours before surgery remains widespread in many countries, including Ukraine. This practice 

is often driven by long-standing notions of “safety” and may not adequately reflect current 

evidence-based guidelines. 

Elderly patients with BPH frequently have a substantial burden of concomitant 

cardiovascular and metabolic diseases, an elevated baseline thrombotic risk and age-related 

haemostatic alterations. Studies have shown that older individuals commonly exhibit 

increased levels of fibrinogen, clotting factors and markers of platelet activation and reduced 

activity of natural anticoagulants [11, 12]. Chronic prostatic inflammation and reduced 

physical activity may further promote a prothrombotic phenotype [13]. 

Prolonged preoperative water deprivation can lead to haemoconcentration, increased 

blood viscosity, activation of the sympathoadrenal system and stress hormone release, thereby 

augmenting coagulation potential [14, 15]. Dehydration has been associated with 



4 

 

hypercoagulability and an increased risk of venous thrombosis, especially in older adults and 

patients with cardiovascular comorbidities [16, 17]. 

Standard laboratory coagulation tests (prothrombin time, activated partial 

thromboplastin time, fibrinogen level, platelet count) do not reliably detect subclinical 

hypercoagulable states because they reflect only selected components of the coagulation 

cascade. Consequently, viscoelastic methods such as thromboelastography (TEG), rotational 

thromboelastometry (ROTEM) and low-frequency piezoelectric thromboelastography (LF-

PETEG) are gaining importance [18–20]. 

LF-PETEG enables real-time assessment of coagulation initiation, clot formation 

kinetics, clot firmness and lysis, providing an integrated picture of procoagulant and 

fibrinolytic activity [19, 21]. Viscoelastic assays are increasingly used in cardiac surgery, 

trauma, obstetrics and high-risk surgery to detect both hypo- and hypercoagulable 

disturbances [18, 20–22]. However, data on the use of LF-PETEG to assess the impact of 

different preoperative fasting regimens in elderly urological patients remain scarce. 

In this context, examining the effect of prolonged NPO versus liberal clear-fluid intake 

on LF-PETEG parameters in elderly BPH patients has both scientific and practical relevance. 

The findings may help inform local protocols for preoperative preparation and support the 

implementation of safer, more physiological fasting strategies. 

The objective of this study was to evaluate the impact of water deprivation on 

haemostatic status in elderly patients with BPH by comparing low-frequency piezoelectric 

thromboelastography parameters in groups with permitted clear-fluid intake versus prolonged 

nil per os in the preoperative period. 

Materials and Methods 

Study design 

A prospective randomized clinical study was conducted at the Department of 

Anaesthesiology and Intensive Care, Odessa National Medical University, between September 

2018 and September 2019. The study protocol complied with the principles of the Declaration 

of Helsinki and was approved by the local ethics committee. Written informed consent was 

obtained from all participants. 

Inclusion criteria 

1. Patients were eligible if they met all of the following criteria: 

2. age ≥70 years; 

3. clinical and ultrasound evidence of BPH; 

4. scheduled for transrectal ultrasound-guided prostate biopsy; 
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5. no ongoing antithrombotic (antiplatelet) or anticoagulant therapy for at least 7 

days prior to inclusion. 

Exclusion criteria 

Exclusion criteria were: 

1. known congenital or acquired coagulopathies; 

2. active malignant disease outside the prostate; 

3. severe hepatic failure (Child–Pugh class C) or renal failure (KDIGO stage IV–

V); 

4. acute infectious processes; 

5. uncontrolled heart failure (NYHA class III–IV); 

6. refusal to participate. 

7. Patient population and group allocation 

A total of 64 patients fulfilling the inclusion criteria and without exclusion criteria 

were enrolled. Patients were randomized by computer-generated allocation sequence into two 

groups: 

Group A (n=31) — allowed clear fluids (water, clear non-carbonated beverages 

without pulp) in a total volume of 100–300 mL up to 2 hours before induction of anaesthesia; 

Group B (n=33) — managed according to a traditional NPO regimen for 12 ± 2.3 

hours before anaesthesia (no intake of solids or liquids). 

The groups were comparable in age, height, body weight and basic clinical 

characteristics (data may be presented in table form according to journal requirements). 

Haemostasis assessment 

Haemostatic function was evaluated by low-frequency piezoelectric 

thromboelastography. Venous blood samples were obtained from the antecubital vein at two 

time points: 

 

At admission (baseline); 

1 ± 0.43 hours before the start of the procedure, after completion of the assigned 

fasting regimen. 

The following LF-PETEG parameters were analysed: 

 Intensity of contact coagulation (ICC) — reflects activation of coagulation by 

the contact pathway; 

 Intensity of coagulation drive (ICD) — an integrated index of overall 

coagulation potential; 



6 

 

 Maximum clot density (MA) — characterizes clot firmness and stability; 

 Index of retraction and clot lysis (IRCL) — indicator of fibrinolytic activity. 

Results were expressed as percentages relative to established reference (normal) 

values for the method. 

Statistical analysis 

Statistical analysis was performed using standard statistical software (e.g., SPSS). 

Data are presented as mean ± standard deviation (M ± SD). Between-group comparisons were 

conducted using the Student’s t-test for independent samples or appropriate non-parametric 

tests if distributional assumptions were not met. A p-value <0.05 was considered statistically 

significant. 

Results 

Baseline haemostatic status at admission 

Before initiation of any preoperative fluid restriction, all patients exhibited moderate 

increases in both coagulation activity and fibrinolysis compared with reference values: 

 ICC: +13.13 ± 8.56% above normal; 

 ICD: +22.43 ± 10.93% above normal; 

 MA: +44.11 ± 19.31% above normal; 

 IRCL: +61.18 ± 31.18% above normal. 

These findings indicate a pre-existing tendency towards hypercoagulability and 

increased fibrinolytic activity in elderly BPH patients, which is consistent with published data 

on prothrombotic states in older individuals and in patients with chronic urological conditions 

[11–13]. 

Changes in LF-PETEG parameters in the preoperative period 

The preoperative dynamics of LF-PETEG parameters differed substantially between 

the two fasting strategies. 

Group A (liberal clear-fluid intake). 

Immediately before surgery, LF-PETEG parameters in Group A remained relatively 

stable and close to baseline: 

 ICC: +12.13 ± 6.11% above normal; 

 ICD: +18.87 ± 5.04% above normal; 

 MA: +43.51 ± 18.81% above normal; 

 IRCL: +64.02 ± 26.22% above normal. 
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No marked progression of hypercoagulable changes or abrupt increase in fibrinolytic 

activity was observed. 

Group B (prolonged NPO). 

In Group B, after 12 ± 2.3 hours of NPO, all LF-PETEG parameters increased further: 

 ICC: +26.01 ± 7.21% above normal; 

 ICD: +39.67 ± 13.57% above normal; 

 MA: +64.07 ± 21.81% above normal; 

 IRCL: +76.88 ± 42.97% above normal. 

Compared to baseline, this group demonstrated a pronounced additional elevation of 

both coagulation and fibrinolytic activity, reflecting the development of a more intense 

dynamic stress state of the haemostatic system under prolonged water deprivation (Table 1). 

 

Table 1. Low-frequency piezoelectric thromboelastography (LF-PETEG) parameters 

in BPH patients under different preoperative fasting regimens (M ± SD, % of normal) 

LF-PETEG parameter Time point 
Group A (clear fluids 

allowed, n=31) 

Group B (NPO 12 ± 

2.3 h, n=33) 

ICC – Intensity of contact 

coagulation 
At admission 13.13 ± 8.56 13.13 ± 8.56* 

 
Preoperative 12.13 ± 6.11 26.01 ± 7.21 

ICD – Intensity of 

coagulation drive 
At admission 22.43 ± 10.93 22.43 ± 10.93* 

 
Preoperative 18.87 ± 5.04 39.67 ± 13.57 

MA – Maximum clot 

density 
At admission 44.11 ± 19.31 44.11 ± 19.31* 

 
Preoperative 43.51 ± 18.81 64.07 ± 21.81 

IRCL – Index of 

retraction and clot lysis 
At admission 61.18 ± 31.18 61.18 ± 31.18* 

 
Preoperative 64.02 ± 26.22 76.88 ± 42.97 

*Note. Baseline (admission) values were statistically comparable between the two 

groups. In the subsequent preoperative assessment, Group B (prolonged NPO) demonstrated a 

more pronounced increase in all LF-PETEG parameters. Where available, p-values can be 

added in a separate column or as footnotes. 



8 

 

Discussion 

This study confirms that elderly patients with BPH exhibit a baseline hypercoagulable 

tendency, manifested by elevated ICC, ICD and MA values and enhanced fibrinolytic activity 

(IRCL) at admission compared with reference ranges. Such a “strained” haemostatic state 

likely results from age-related changes, concomitant cardiovascular comorbidities, chronic 

prostatic inflammation and reduced physical activity, in line with previous reports [11–13]. 

Our findings support the concept that in older patients, baseline coagulation is shifted 

towards hypercoagulability, with fibrinolysis activated as a compensatory response to 

increased thrombin generation and clot formation [11, 12, 16]. Under these conditions, 

additional stressors such as dehydration can further destabilize the balance between pro- and 

anticoagulant mechanisms. 

The key result of this study is the clear difference in haemostatic response between the 

two fasting regimens. In Group A, where clear fluids were permitted up to 2 hours before 

surgery, no significant further enhancement of hypercoagulable changes was observed; LF-

PETEG parameters remained close to admission values. In contrast, Group B, managed with 

prolonged NPO, demonstrated further increases in all assessed parameters (ICC, ICD, MA, 

IRCL), indicating a more pronounced prothrombotic state. 

These findings are consistent with the pathophysiological mechanisms whereby 

prolonged water deprivation contributes to haemoconcentration, increased blood viscosity, 

higher circulating concentrations of clotting factors and activation of the sympathoadrenal 

system [14, 15, 17]. Even mild dehydration has been associated with an elevated risk of 

venous thromboembolism, particularly in older individuals and patients with cardiovascular 

diseases [16, 17]. 

Several clinical studies have shown that more liberal preoperative fasting regimens 

(including the allowance of clear fluids up to 2 hours before surgery) are not associated with 

increased aspiration risk and improve patient comfort, reduce thirst, dry mouth and anxiety 

and positively affect haemodynamics and insulin sensitivity [1–3, 8–10]. Our data extend 

these observations by demonstrating that liberal clear-fluid intake also contributes to 

stabilizing haemostatic parameters and does not provoke additional hypercoagulability in a 

vulnerable population of elderly urological patients. 

The choice of haemostasis assessment modality is also important. LF-PETEG and 

other viscoelastic tests (TEG, ROTEM) can detect hypercoagulable states that may not be 

apparent in routine laboratory tests [18–21]. This is particularly valuable in high-risk patients 

in whom standard assays (PT, aPTT, fibrinogen) may remain within normal limits while 
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viscoelastic testing already reveals increased coagulation activity and altered fibrinolysis [19, 

21]. 

In our study, in the prolonged NPO group, rising ICC and ICD values reflected 

enhanced activation of the coagulation cascade, while an increase in MA indicated the 

formation of denser, more stable fibrin–platelet clots. The elevated IRCL suggests intensified 

fibrinolytic responses to hypercoagulability. This dynamic balance between increased clot 

formation and secondary fibrinolysis may be unstable and, in clinical practice, could tilt 

towards either thrombosis or bleeding depending on additional factors (tissue trauma during 

surgery, fluid therapy, thromboprophylaxis). 

From a practical standpoint, our results support reconsideration of overly restrictive 

preoperative fasting regimens, especially in high-risk patients (advanced age, BPH, 

cardiovascular comorbidities). Allowing clear fluids up to 2 hours prior to surgery, in line 

with current international guidelines [1–3], should be viewed not only as a measure to 

improve patient comfort but also as a potential tool to mitigate hypercoagulable stress and 

possibly reduce thromboembolic risk. 

The limitations of this study include the relatively small sample size, the assessment of 

LF-PETEG parameters at only two preoperative time points (without intra- and postoperative 

monitoring) and the absence of long-term follow-up on clinical outcomes (thrombosis, 

thromboembolism, bleeding). Additionally, we did not stratify patients by the severity of 

comorbidities, which may influence haemostatic profiles. Future research should include 

multicentre randomized trials with larger cohorts, clinically meaningful endpoints (venous 

thromboembolism, acute coronary events, bleeding) and combined use of viscoelastic and 

standard laboratory markers of haemostasis. 

Conclusions 

Elderly patients with benign prostatic hyperplasia exhibit a baseline tendency towards 

hypercoagulability and heightened fibrinolytic activity as demonstrated by low-frequency 

piezoelectric thromboelastography at admission. 

A traditional prolonged preoperative fasting regimen following the nil per os principle 

(12 ± 2.3 hours without fluid intake) leads to further enhancement of hypercoagulable 

changes and increased fibrinolytic activity, reflecting a dynamic stress state of the haemostatic 

system. 

Allowing clear fluids in a volume of 100–300 mL up to 2 hours before elective 

procedures helps stabilise LF-PETEG parameters and prevents additional hypercoagulability 

in elderly BPH patients. 
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Optimisation of preoperative fluid intake according to contemporary international 

guidelines should be considered a key component of strategies aimed at reducing thrombotic 

risk and integrated into local protocols for preoperative preparation and thromboprophylaxis 

in elderly urological patients. 

Further randomized clinical trials with larger sample sizes and clinically relevant 

endpoints are required to establish a robust evidence base regarding the impact of different 

preoperative fasting strategies on thromboembolic and haemorrhagic complications. 
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